p53-Dependent accelerated senescence induced by ionizing radiation in breast tumour cells.
Ionizing radiation has been reported to promote accelerated or premature senescence in both normal and tumour cell lines. The current studies were designed to characterize the accelerated senescence response to radiation in the breast tumour cell in terms of its dependence on functional p53 and its relationship to telomerase activity, telomere lengths, expression of human telomerase reverse transcriptase (hTERT, the catalytic subunit of telomerase) and human telomerase RNA (hTR, the RNA subunit of telomerase), as well as the induction of cytogenetic aberrations. Studies were performed in p53 wild-type MCF-7 cells, MCF-7/E6 cells with attenuated p53 function, MDA-MB231 cells with mutant p53 and MCF-7/hTERT cells with constitutive expression of hTERT. Telomerase activity was measured by the telomeric repeat amplification protocol (TRAP assay), telomere lengths by the terminal restriction fragment (TRF) assay, hTR and hTERT expression by reverse transcriptase-polymerase chain reaction (RT-PCR), senescence by beta-galactosidase staining, and apoptosis by TdT-mediated d-UTP-X nick-end labelling (TUNEL assay). Widespread and extensive expression of beta-galactosidase, a marker of cellular senescence, was evident in MCF-7 breast tumour cells following exposure to 10 Gy of ionizing radiation. Radiation did not suppress expression of either hTERT or hTR, alter telomerase activity or induce telomere shortening. Senescence arrest was also observed in irradiated MCF-7/hTERT cells, which have elongated telomeres due to the ectopic expression of the catalytic component of telomerase. In contrast to MCF-7 cells, irradiated MDA-MB231 breast tumour cells and MCF-7/E6 cells failed to senesce and instead demonstrated a delayed apoptotic cell death. Irradiation produced chromosome end associated abnormalities, including end-to-end fusions (an indicator of telomere dysfunction) in MCF-7 cells, MCF-7/hTERT cells, as well as in MCF-7/E6 cells. When cells were maintained in culture following irradiation, proliferative recovery was evident exclusively after senescence while the cell lines which responded to radiation by apoptosis continued to decline in cell number. Accelerated senescence in response to ionizing radiation is p53 dependent and associated with telomer dysfunction but is unrelated to changes in telomerase activity or telomere lengths, expression of hTERT and hTR. In the absence of functional p53, cells are unable to arrest for an extended period, resulting in apoptotic cell death while accelerated senescence in cells expressing p53 is succeeded by proliferative recovery.